Antigen 5 is a 35,000-dalton protein which has been purified from culture filtrates of Mycobacterium tuberculosis and shown by immunoprecipitation to be restricted in distribution to M. tuberculosis and M. bovis among 14 mycobacterial species studied. We raised 19 antigen 5-reactive monoclonal antibodies and used them to characterize epitopes of this antigen by enzyme-linked immunosorbent assay and immunoabsorbent affinity chromatography. Fifteen monoclonal antibodies, all immunoglobulin M (IgM), cross-reacted in two major patterns with culture filtrates from five species of mycobacteria and with purified mycobacterial arabinomannan and arabinogalactan. All 15 monoclonal antibodies also reacted with M. tuberculosis antigen 6. Immunoabsorbent affinity columns prepared with these antibodies yielded principally arabinomannan and arabinogalactan. Four monoclonal antibodies, three IgG2a and one IgM, reacted by enzyme-linked immunosorbent assay with antigens 5 and 6 exclusively and not with mycobacterial culture filtrates or polysaccharides. All four monoclonal antibodies yielded antigen 5 and small amounts of antigen 6 when used for immunoabsorbent affinity chromatography. We conclude from these studies that antigen 5 has two nonspecific epitopes, possibly carbohydrate in nature, and one apparent species-specific epitope which is shared with antigen 6.
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Antigen 5 is a well-characterized 35,000-dalton protein of Mvcobacteriun tuberc-ulosis (7) . When studied by immunoprecipitation with goat hyperimmune antiserum, this antigen is restricted to M. tuberculosis and M. boi'is and is not shared by other less pathogenic or nonpathogenic mycobacteria (9) . Despite this observation, antigen 5 is no more specific for eliciting skin-test reactions than the crude mycobacterial antigen preparation, purified protein derivative (8) . Some persons infected with other mycobacteria (which do not contain antigen 5) produce antibodies that are reactive with purified antigen 5 by enzyme-linked immunosorbent assay (ELISA) (1) . These findings suggest that the antigen 5 molecule contains both species-restricted epitopes and epitopes which cross-react with those of other mycobacterial antigens. Identification of species-restricted epitopes might lead to a more specific skin-test antigen(s) and more specific serodiagnostic tests for tuberculosis.
In this investigation, 19 antigen 5-reactive monoclonal antibodies were produced and used to characterize epitopes on this molecule. We identified two cross-reactive epitopes (probably carbohydrates) which are shared by antigen 5 and the mycobacterial polysaccharides arabinomannan and arabinogalactan, as well as an apparently restricted epitope shared by antigens 5 and 6. In addition, we produced monoclonal immunoabsorbents which could be used to purify antigen 5.
MATERIALS AND METHODS
Culture filtrates and purified antigens. A affinity chromatography, and M. tuberculosis antigen 5 was prepared by immunoabsorbent affinity chromatography as previously described (6, 7). Antigen 6 was purified from culture filtrates of M. tuberculosis by using immunoabsorbents prepared from a goat antiserum principally reactive with this protein. The tuberculin purified protein derivative used in this study was prepared by ammonium sulfate precipitation from M. tuberculosis culture filtrate as previously described (23) . Protein concentration of antigens and other solutions was estimated by the method of Lowry et al. (22) , and the carbohydrate concentration of polysaccharides was expressed as total pentoses measured by the orcinol reaction, with an arabinose standard (15) .
Monoclonal antibodies. BALB/c mice (Jackson Laboratory, Bar Harbor, Maine) were immunized by intraperitoneal injection of 0.2 ml of an emulsion containing equal parts of M. tuberculosis culture filtrate (10 mg/ml) and incomplete Freund adjuvant (Difco Laboratories, Detroit, Mich.) to which 10 mg of washed, autoclaved M. tuberculosis H37Ra cells per ml was or was not added. Animals were boosted subcutaneously with 0.2 ml of aqueous culture filtrate (0.5 mg/ml) at 4 and 6 weeks after primary immunization. A final injection of 0.4 mg of the same culture filtrate was given intraperitoneally 10 weeks after the initial immunization, and spleens were harvested 4 days later. Some animals were immunized intraperitoneally exclusively with purified antigen 5, first with adjuvant and then every other week with 0.2 ml of a 5-mg/ml saline solution. The animals were then left unstimulated for 4 to 6 weeks, boosted with purified antigen 5, and sacrificed 4 days later. Spleen cells were mixed with P3/NS1/1-Ag4-1 BALB/c myeloma cells (20) xanthine, aminopterin, and thymidine (all from Sigma Chemical Co., St. Louis, Mo.). Supernatant fluids from growing clones were screened for reactivity by ELISA as described below. Positive clones were expanded and subjected to three limiting dilutions to assure monoclonality. Subcloned hybridoma cells were then injected intraperitoneally (107 cells per mouse) into mice treated with 2,6,10,14-tetramethylpentadecane (Pristane; Aldrich Chemical Co., Inc., Milwaukee, Wis.), and ascitic fluids were collected several weeks later (24) . The immunoglobulin class of monoclonal antibodies was determined on 10-fold-concentrated culture supernatant by two-dimensional immunodiffusion with specific antisera (Southern Biotech, Birmingham, Ala.).
ELISA. The ELISA was performed as described previously (13) . Controls on each plate included a standard cell culture supernatant known to react positively and a color standard with an optical absorbancy of 0.24 when read in an automated plate reader set to read the ratio of 405/630 nm. Plates were read when the positive standard cell supernatant solution well gave a color intensity equal to that of the color standard. Wells with readings equal to or greater than three times the readings obtained in negative control wells were considered positive, and the highest dilution with a positive result was taken as the endpoint.
Immunoabsorbent affinity chromatography. Immunoabsorbent affinity chromatography was performed as previously described (6, 13) . Immunoglobulin was precipitated from cell culture supernatants or from mouse ascitic fluid with ammonium sulfate at 50% saturation at 4°C and used in a concentration of 0.5 mg/ml of activated Sepharose 4B. M. tuberculosis culture filtrate was added to the columns, and bound antigens were eluted with 4 M urea. Eluates were concentrated by lyophilization and suspended in phosphate buffer. Protein concentration was determined as before.
Immunoelectrophoretic analysis of eluted antigens. Immunoelectrophoresis was used as described by Janicki et al. (19) and Daniel et al. (12) . The numerical antigen nomenclature introduced by these investigators was used throughout this work. Modifications of immunoelectrophoresis which combine immunodiffusion with immunoelectrophoresis (30) and which use modified patterns (5) were used for the identification of individual precipitin arcs. 
RESULTS
Production of monoclonal antibodies. Nineteen monoclonal antibodies that reacted with both crude culture filtrate and antigen 5 were produced and are presented in this paper (Table 1) . Ten monoclonal-antibody-producing hybridoma lines, designated TB-C-1 through TB-C-10, were obtained from fusions performed with spleen cells from animals immunized with culture filtrate antigens emulsified with Freund adjuvant containing whole mycobacterial cells (Table 1). All of the monoclonal antibodies produced by these cell lines were immunoglobulin M (IgM). One of these monoclonal antibodies, designated TB-C-1, was described in detail previously (13 Monoclonal antibodies TB-C-1, TB-C-2, TB-C-5. TB-C-6, TB-C-7, TB-C-8, TB-C-11, TB-C-12, TB-C-16, and TB-C-17, all of which were IgM, were broadly reactive. The other IgM monoclonal antibodies, TB-C-3, TB-C-4, TB-C-9, TB-C-10, and TB-C-19, were also reactive with culture filtrates from various species of mycobacteria but were significantly more reactive with purified antigens 5 and 6. Monoclonal antibodies TB-C-13, TB-C-14, and TB-C-15 (all IgG2a) and antibody TB-C-18 (an IgA) were reactive only with antigens 5 and 6.
Antigens recovered from monoclonal immunoabsorbents. Immunoabsorbents were prepared by using immunoglobulins precipitated with ammonium sulfate at 50%c saturation from ceil culture supernatants from 10 of the IgM-producing hybridoma lines, TB-C-1 through TB-C-10. These immunoabsorbents were used to purify the antigens which they bound in unheated M. tuherculosis culture filtrate. These elution products were characterized by immunoelectrophoresis (Table 2 ). Arabinomannan (antigen 1) was present in ail 10 lines, and arabinogalactan (antigen 2) was present in 8 lines. Antigen 5 was not identified with certainty in any, and antigen 6 was found only in TB-C-1 eluates. Other anodal antigens were found in four eluates, and antigen 7 was the major component in each case. Eluates from TB-C-1 contained several anodal components (13) .
Immunoglobulins precipitated with ammonium sulfate at 50%W saturation from TB-C-13, TB-C-14, TB-C-15, TB-C-18, and TB-C-19 ascitic fluids also were used to prepare immunoabsorbents. Whole M. tuberculosis culture filtrate was applied to these immunoabsorbents, and the antigens bind- Table 2 . A representative study identifying antigens 5 and 6 in TB-C-15 monoclonal eluate is shown in Fig. 1 .
DISCUSSION
Monoclonal antibodies to antigens of M. tuihenr1ulosis were first described by Coates and his co-workers (3, 18, 28) . Reports of additional monoclonal antibodies have appeared from a number of other laboratories (11, 13, 21, 26, 29 The implication that antigen 5 and arabinomannan share an epitope was a surprising finding. Arabinomannan subjected to rigorous purification by Misaki and his colleagues (27) has been characterized extensively, and the structural formula has been determined without finding any associated amino acids. Arabinomannan purified by concanavalin A as used in the present study has also been found to contain little or no protein (4 Table 3 .
Immunoabsorbent affinity chromatography with monoclonal antibodies yielded data consistent with the ELISA data in most cases. When monoclonal immunoabsorbents were used to chromatograph whole M. tuberculosis culture filtrate, mycobacterial polysaccharides were most frequently recovered by using the monoclonal antibodies with broad reactivity. Although the ELISA reactivity profile for monoclonal antibodies TB-C-3, TB-C-4, TB-C-9, TB-C-10, and TB-C-19 were more specific for antigen 5 by ELISA, the four monoclonal immunoabsorbents produced from animals immunized with complete Freund adjuvant (TB-C-3, TB-C-4, TB-C-9, and TB-C-10) yielded eluates very similar to those obtained with the broadly reactive monoclonal antibodies. TB-C-19, on the other hand, yielded only antigen 5 . We concluded that TB-C-19 identified the same epitope (C) as TB-C-13, TB-C-14, TB-C-15, and TB-C-18 but with different affinity. It is also possible that TB-C- 19 (17. 25) . This may be due to subtle changes in antigen confirmation produced by the different techniques or to differing binding affinities required for positive results in different assay systems.
Antigen 5 was recovered from immunoabsorbents prepared from the more specific antibodies, with occasional contamination with antigen 6. This finding agrees with the ELISA data and further supports the hypothesis that at least one major epitope is shared between mycobacterial antigens 5 and 6. The ELISA data suggest that this epitope is restricted to M. tuherculosis. The World Health Organization-sponsored workshop (16; Immunology of Tuberculosis Workshop Participants, Infect. Immun., 1986) reached a similar conclusion with respect to TB-C-13.
We conclude that the sharing of epitopes among mycobacterial antigens is common. Despite earlier evidence for species restriction and antigenic specificity of antigen 5 (9) . it seems likely that this antigen contains at least two shared epitopes (A and B). These shared epitopes are probably carbohydrate in nature since there is a significant cross-reactivity with purified arabinomannan and arabinogalactan. A third epitope (C) was identified by monoclonal antibodies which were more restricted in their binding profile, binding only to antigens 5 and 6 by ELISA. This epitope is a likely candidate for species restriction, since the parent molecules (antigens 5 and 6) are species restricted and no cross-reactivity was observed with mycobacterial carbohydrate antigens. If a noncarbohydrate species-restricted epitope can be identified, such a reagent would not only be a better potential skin-test antigen, but these monoclonal antibodies could be used to purify this epitope after proteolytic digestion of the antigen 5 molecule. In this regard. we demonstrated that these monoclonal antibodies can be used to purify antigen molecules to high purity by immunoabsorbent column chromatography. In addition, if epitope C is a protein epitope, it may be possible to use monoclonal antibodies TB-C-13, TB-C-14, TB-C-15, TB-C-18, and TB-C-19 as probes in a molecular-biology-generated cDNA expression library. This would greatly facilitate the determination of the precise protein sequence of this epitope and its production in large quantities in vitro. All of these techniques should be useful in further characterization and purification of epitope-containing species-specific antigen fragments.
